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Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in the 
application: 
Listing of Claims: 

1 . (Currently Amended) A method of removing empty string terms from an automaton 
A having a set plurality of states "p r \ a -set plurality of states "q", and a set plurality of 
outgoing transit ions from the *e4 plurality of states "p" ? E| p], the method comprising: 

- inputting 'a plurality of electrical signals representing the automaton A, the automaton 
A further representing a plurality of hypotheses with, associated weights: 

computing an ^-closure for each state of the plurality of states *'p" of the automaton 

* A: 

m 

producing a plurality of electrical signals representing an improved automaton A, the CO 
producing comprising modifying EJpJ by: 

removing each transition of the plurality of transitions labeled with an.empty 
string; and 

adding to the plurality of outgoing transitions. Efp]^ a non-empty-string 
, transition, wherein each state of the plurality of states i; q" is left with its weights pre- 

mu Hiplied by an b -d i s tan ce fro 1 11 a c or re s pen d i n g o n e o f th c p 1 u ral i tv o f s tates state 
"p" to a res pec t i v e o ne o f t h e p 1 u ra 1 i t y o f s tates state *q^ in the automaton A. 

2. (Currently Amended) The method of claim K wherein the producing of the plurality 
of electrical signals representing the improved automaton A further co mprising comprises : 

removing inaccessible o n e s o f th e p I u ral i t v o f t h e states "p"' and "q v using a depth- 
fi rs 1. sea rc h o f th e a u to m ato n A . 
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3. (Currently Amended) The method of claim 1 - wherein adding to the plurality of 
out&oina transitions. E\p1 a non-empty-string transitions , transition further comprises leaving 
each of the plurality of states :; tT with weights (d| p.q | 0 p[q |) to li[p\. 



4. (Currently Amended) The method of claim 1, wherein the step of the computing of 
the e -closure for each input state of the plurality of staves "o" of m the input automaton A 
further comprises: 

removing all transitions not labeled with an empty string from the automaton A to 

produce an automaton A. (: ; 

He^nmptvunP the automaton A, into its strongly connected components; and 
computing all-pairs shortest distances in each component of the stronatv connected 

components visited in reverse topological order. 

5. (Currently Amended) The method of claim 1 5 wherein the step of computing pjjJhe r- 
closure for each i nput state of the plurality of states "p" of a* the input automaton A further 
comprises: 

removing all transitions not labeled with an empty sir ing from the automaton A to 
produce an automaton A. -_; 

decomposing A. ; into its strongly connected components: 

performing a single-source shortest-distance algorithm according 10 the following 
pseud o code: 

for each p e Q 

do dfpl rfpl O 

d[sh rhh T 

S<- is; 
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while S ■/ 0 

do q head [S] 

DEQUEUE (S) 

r — r[q] 

r[q] < O 

for each e e Ejq] 

do ifd|n|e| j t d[n|e]] © (r® w[e|) 
then dinlej] < - d[n|V|J © (r ® w[e|) 
r[n|c|| ^- 1 1 nje || 0 (r ® w| e ]} 
if n|e] £ S 

then ENQUEUE (S, n[e|) 
djs]<- *\ 
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6. (Currently Amended) The method of claim 1 , wherein the step^the computing of 
the ^-closure for each of t he plurality of states state «p" further comprises computing each of 
t | ie c -closure s -closures according to the following equation: 
Cfp] ^ {(q.vv) : q o e[p], d|p,q] - w e K— {O}}. 



7. (Currently Amended) The method of claim 6, wherein the step of modifying outgoin 
transitions of each state "p" further comprises modifying the outgoing transitions of each of 
the plurality of states state p according 10 the following procedure: 
£4^) for each pc Q 

do L|pH- {ee E |p] : i|e] ^ e} 
^ for each (q.w) e C|p] 

^ tIo hlpl*- Elp) *u Kp,a ; w © w\r) : (q, a ; \v\ r) H|q|.a * »:[ 

6 
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ifq r 1* 

{&) then if p <f \ : 

f7) then V <- l : u {pj 

m pLpl^"Plpl©(fo©PLql)- 

8. (Currently Amended) The method of claim 1, wherein a state is a final state if some 
at least one of the plurality of suites -state "q" within a set of states reachable from one of the 
plurality of states "p" via a path labeled with an empty string is final and the final weight is 

then: <f:*\pw 

9. (Original) The method of claim 8. further comprising: 

performing a depth- first search of the automaton A after removing the empty strings. 

10. (Currently Amended) A method of producing an equivalent weighted automaton "B" 
with no £-transitions for any input weighted automaton l *A" having at least one ^transition, 
the automaton "A" having a ^ plurality of stales :; p'\ and a set plurality of stales :w q'\ the 

m c il i od c o in pr i s i n g : 

inputting a plurality of electrical signals representing the input weighted automaton A. 
the weighted automaton A further representing a plurality of hypotheses with associated 
weights: 

computing an r.-elosure for each s&He of the plurality of states <; p" of the input 
weighted automaton "A": and 

producing a plurality of electrical signals representing, the automaton :t B" equivalent 
to automaton A without the c -transitions, the producing comprising: 

modifying outgoing transitions of each^tate of the plurality ol states "'p'* by: 

7 
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removing each transition labeled with an empty string; and 
adding to each transition leaving s tate "p ,? a plurality of' outgoing transitions 
from the plurality of stales "p" a non-empty-string transition, wherein each state of the 
plurality of states '~q" is left with its weights pre-muliiplied by an f. -distance from a 
corresponding one of the plurality of states 5fc*te "p" to a respective one of the 
plurality of states **q" in the automaton "A" to produce the automaton equ ival en t 
t o aut o maton A without th e e - transit i on s , the automaton "B" representing an 
improved version of the plurality of hypotheses . 

11. (Currently Amended) The method of claim 10, further comprising: 

removing inaccessible states of the automaton "A" using a depth-first search of the 
automaton ik A'\ 

12. (Currently Amended) The method of claim I K wherein adding to the plurality of 
outgoing transitions from the plurality of stales "p" a non-empty-string trans itio ns transition 
further comprises leaving each of the plural ity of states skHe "cf J with weights 

(d\ p T c/\<& p\q\) to me lrans iuons leaving corresponding ones of the plurality of states "p' ? . 

1 3. (Currently Amended) -A The method of claim 10, wherein the *tep-ef computing of 
the r. -closure for each input state of the, plurality of states "p" o f a* the input automaton 

'A" further comprises; 

removing all non-e-transitions Co produce an automaton A t: : 

decomposing the automaton A A into its strongly connected components; and 

computing all -pa it s shortest distances in each of the strongly connected components 

component visited in reverse topological order. 

s 
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14. (Currently Amended) The method of claim 10, wherein the raop of computing of the 
e -closure for each ^frate u f th e pin ra I i 1 y o f s ta t es *"p" further comprises computing each of the 
t; -closures according to the following equation: 

C[p] = Uq-w) : q e e|p'.|, d[p,q| = vv e K — {O}}. 

15. (Currently Amended) The method of claim 14, wherein the step of modifying the 
outgoing transitions of each of the plurality of states state i; p" further comprises modifying 
t h e o li tgo i n g trai i s i t i on s o f each of the plurality of states state p acco rding to t h e lb 1 1 ovv i n g 
procedure: 

{4-) for each pe Q 

<3) doE[p]<- (ee F | p] : i[e] * e} 

^ for each (q.w) e Cfp] 

£4} do E[pl<- Ejp] kj {(p.a,w® w\r) : (q s a. w\ r) e E[q]*a^e} 

if q el 7 
(£) then if p g F 

£7} then F ^— F o {p} 

w prpi<-pfpi©(oi©prqi)- 

16. (Currently Amended) A method of producing an automaton B from an automaton A. 
the automaton B having no empty string transitions; the method comprising: 

inputting a plurality of electrical signals representing the automaton A. the automaton 
A further representing a plurality of hypotheses with associated weights: 

Q 
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computing for each state p in die automaton A its u-closure C[pJ according lo the 

lb Mowing: C [ p j ~ { ( q ; \ v ) : q c c | p j - d [p. q | - w c K — ( O } } , w h e re c | p | rep rese n is s ta re s 

labeled with an empty string: 

removing each transition labeled with an empty string: and 

producing a plurality of electrical signals representing the automaton B. the 

automaton B being equivalent to the automaton A without ^-transitions, the producing 

comprising: 

adding to each transition leaving the states state "p"* a non-empty-string 
transition, wherein each state iL Q' 7 in the automaton A is left with its weights pre- 
mu Hip lied by an s-distance from one of the states state "p" to a respective one of the 
states "q 5> in the automaton t: A ?7, to produce the automaton "B" equivalent to 
automaton A without the [-. - transitions . 



17. (Currently Amended) The method of claim 16, wherein the adding the non-empty z 
string transition to each of the transitions leaving the states "p"' strings to E[p [ i s pe rfor m ed 
according to the following code: 

for each /?<■= Q 
m doE[pJ<~{e^Elpl : ifej^e} 

for each (q, w) ^ Cfp] 
(44 do Efp] <— E[p] U ffp.a.w <3\v\r) : U\, a, \v\ r) c EfqjM ^c} 

\\q s F 

{&) then if p & F 

then F^- Fll fpj 

Pfpl Pfpf® ® P/ I 'f/J- where Ejpl is plurality of outgoing 



transitions from the states u p'. 
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iJ>. (Currently Amended) The rneihod of claim 10, further comprising modi Tying a 
plurality of outgoing, transitions from the states '*p*\ £[pjj according to the following 
procedure: 

4±) tor each// 5^ O 



I 9 - ( C u r re n 11 y A men d ed) A m eih od o f prod u c i n g a n eq u i v ale n l we iglrted a u tomato n ' 4 B" 
with no s -transitions for any input weighted automaton -A- having a set of transitions E 3 
wherein each transition "e ,? in the set of transitions has an input label i[ef at least one 
transit ion being an £ -transition, a set of states P s each slate in the set of states P is denoted as 
i; p ;> , and a set -of states Q, each state in the set of states Q denoted as "cf\ a weight wje] for 
each transition "e", and E[p'| the transitions leaving each state "p ?r and M(q] being the 
transitions leaving state : Yf\ an e -closure for a state being defined as C[p]. and where e[p] 
represents a set of states reachable from state "p" via a pat h labeled w ith an ^-transition, the 
method comprising: 

inputting a plurality of electrical signals representing the weighted automaton A» the 
weighted automaton A further representing a plurality of hypotheses with associated weights: 
computing an s-closure C[p] for each state "p" of the input weighted automaton -A"; 
removing each c -transition of* the weighted automaton A to produce an automaton A K : 

and 
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&oE[p]+- fee E fpj : ifej = e} 

for each (q 7 w) £ C/pj 

do E[p] V— E[p] U {(p,a,w <3w':r) ; (q 3 a ; w \ r) e E[q],a 
if^F 

then if p £ F 

then F t- F U /pi 

P[PI <-plp]®(m &p[q]) z 




